that the articular surface of the tibia extends farther forwards in this position than on the external tuberosity, evidence that the pressure between the tibia and femur at this point is greatest internally. It is attached by its anterior horn to the upper surface of the nonarticular surface of the tibia immediately in front of the attachment of the anterior crucial ligament. Internally it is fixed to the internal lateral ligament, excepting in front and behind, but in the latter place it is protected by the semimembranosus tendon. At its inner edge it is bound down by the coronary ligament to the head of the tibia. It will thus be seen that the anterior third or so is free excepting for the attachment of the weak coronary ligament.
(b) The External Cartilage.-The external cartilage occupies a smaller area than the internal and its horns more closely approximate so that it forms almost a complete circle. It is attached by its anterior and posterior horns to the upper non-articular surface of the tibia close to the spine. In addition a strong slip, the ligament of Wrisberg, passes upwards from its posterior extremity to fuse with the posterior crucial ligament. Behind it is attached to the posterior ligament of the joint and postero-externally is protected by the tendon of the popliteus. It is covered by, but is unattached to, the external lateral ligament. Anteriorly it is uncovered except by the thinned-out capsule. Like the internal cartilage it is attached to the head of the tibia by the coronary ligament. Its anterior end is therefore also but feebly bound down, and, as I shall show later, is even more freely movable than the corresponding part of the internal cartilage.
The Internal Lateral Ligamient.-This forms a wide strong band on the inner side of the joint, reaching as far forward as the junction of the posterior two-thirds with the anterior third of the internal semilunar cartilage. It is widest in the middle where the internal semilunar cartilage is firmly attached to it. Above it is fixed to the femur and below to the tibia, reaching rather lower than the level of the tuberosity of that bone. It is covered and augmented by the tendons of the gracilis, semitendinosus and sartorius muscles.
Owing to the fact that the under surface of the condyle is flattened, the upper attachment of the ligament, which is placed behind the mid-point, will on extension of the knee be raised from. the tibia.
The ligament will therefore be tightened during this miiovement. The External Lateral Ligament.-This is a rounded band attached to the outer surface of the capsule and free from the joint cavity. It is not attached to the external semilunar cartilage, being separated fronm it by the tendon of the popliteus. Like the internal lateral ligamiient, and for a similar reason, it is tightened during extension of the joint. The Posterior Cruecial Ligamtent.-This ligament is attached below to the tibia in the depressed area behind the spine, and above into the outer surface of the internal condyle of the femur. In the specimens I have dissected it was always inserted into the femur well behind the mean centre of rotation' ( fig. 3 ) and not far forward as always stated; and thus, like the anterior ligament, was always I The articular surface of the femur does not form the arc of a single circfe, but may be regarded as being formed of two such arcs, one anterior and one posterior. These two arcs are joined below by an area which forms a flatter curve ( fig. 21 ). The centre of the anterior arc xvill be at A, and that of the posterior at B. The lower end of the femur will not rotate around a fixed centre, but around one which, for this purpose, may be regarded as moving from B to A. The central point of this line (B-A) is the one I here call the mean centre of rotation, and it will be seen that any point situated on C-B will, on full extension-that is, wheni the articular surface (F E) comes into contact with the tibia-be carried farther away from the point D, which corresponds to the lower attachment of the posterior crucial ligament. On extreme flexion, when the femur is rotating around the point B, any point 'between C--B will again be raised-i.e., carried farther away from the point D.
tightened in full extension of the joint. At the samiie time the insertion into the femur is sufficiently far forward to lie in front of the centre of rotation of the posterior part of the articular surface, and thus the ligament is tightened again in extremlie flexion.' ]lovemzents of the Ferntr upon the Tibia.
If a dissected knee-joint be held in a position of flexion and be then gradually extended, the femur will be seen to roll upon the surface of the tibia, but the articular surface of the femnur will at the same time be seen to slip backwards upon the tibia, that is to say, the axis of rotation of the tibia upon the femur is not the articular surface of the femur, but a point some distance above it, corresponding to the upper attachments of the crucial and lateral ligaments.
As extension increases, both crucial and lateral ligaments are tightened, and thus the articular surfaces are slowly but very forcibly pulled together. Should any loose body be present within the joint the slipping movement of the femur upon the tibia would tend to draw it between the two bones where, with continued extension, it would be forcibly crushed between the slowly approximating bones.
At the end of extension both crucial ligaments are tightened, and since the posterior is attached to the internal condyle and the anterior I Dissected specimens showing these attachments were exhibited at the meeting. to the external condyle, therefore increased tension of these ligaments will give rise to two forces acting upon the femur in the line of the fibres of the ligaments and towards their tibial attachments. That is to say, a " couple" will be formed about the long axis of the femur ( fig. 4 ) and thus this bona will be rotated in the direction of the arrows in the figure. If the femur be fixed the tibia will rotate only, of course, in the opposite direction-that is, outwards. Owing to this action, which is-described as the screw acdtion, a portion of the internal condyle of the femur more anterior than that of the external condyle comes into contact with the tibia, but it is to be noted that the extra portion of the articular surface of the femur found in this position is the effect Posterior crucial ligament.
External.
Interlal.
Anterior crucial ligament. and not the cause of this screw action. The true cause is the tension of the two tightened crucial ligaments. The dependence of this screw action upon the tension of the crucial ligaments is well seen in any specimen of the knee-joint from which all the ligaments with the exception of the crucials have been removed.' Owing to the screw action the movement of extension will be most marked on the inner *side and anteriorly, and since extension is associated with tightening of the lateral and crucial ligaments, hence pressure between the two borwes will be most marked in this area; in fact, there will be but little pressure on the external side. As already mentioned, this fact is also I Such a specimen was shown at the meeting.
at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from shown by the greater extension forward of the surface of the tibia which directly articulates with the femur, or, in other words, by the tapering of the semilunar cartilage in this position. When it is remembered that the semilunar cartilages are wedge-shaped on section, it will be seen that this forcible approximation of the tibia and femnur will squeeze the cartilage from between them and force it inwards. In all my specimens this was a most notable factor1 ( fig. 5 ). Movemenits of the Semtilunar Cartilages.
If a fresh cartilage be removed from a subject in the post-mortem roon it will be seen that its ends approximate and it forms a larger segment of a smaller circle than when in its original attached position.
The change is most marked with the anterior end of the internal cartilage which, as already seen, is relatively narrow. It is due to the elasticity of the cartilage, and thus is not so well demonstrated in a dissecting room subject, although it may to a certain degree be regained by soaking the dried cartilage in water.
Specimens showing this and the other movements described were exhibited.
Walton: Injuay of Semiltnar Cartilages
The Internal Cartilage.-If the joint be examined in a position of full flexion it will be noticed that the tibia and felmur are in contact behind, and that the wedge-shaped posterior end of the cartilage is to a certain extent pushed backwards in this position. But in front the thin anterior end of the cartilage owing (1) to its own elasticity, and (2) to the absence of pressure, tends to form an arc of a smaller circle, that is, External. Internal. to pass further into the centre of the joint, being only restrained by the attachments of the coronary liganment and the anterior horn of the cartilage,' but in the living and to a less degree in the dead this movement does take place to an appreciable degree ( fig. 6 .) When, how-
Internal.
ever, the joint is brought into a position of seimiiflexion the anterior end of the cartilage, owing to the fact that pressure is being exerted upon it, passes inwards-i.e., out from the joint cavity until it occupies the margin of the articular surface ( fig. 7 ). If the joint be now slowly extended the anterior end of the internal cartilage will be seen to project considerably beyond the articular surface of the tibia, and in fact to bulge over the edge ( fig. 8 ). This is due to the fact that in this positiofi the crucial and lateral ligaments are tightened, and thereby the articular areas of the femur and tibia are pulled together with con- siderable force, and the wedge-shaped cartilage thus pushed inwards. It will be remembered that owing to the screw movement of the joint in the last stage of extension this pressure occurs almost wholly upon the anterior portion of the internal cartilage. The inward movement of the cartilage is only restrained by the anterior horn, the weak transverse ligament and the coronary ligament, for at this point the strong internal lateral ligament is absent. If, on the other hand, extension occurs so suddenly that the cartilage has not time to pass inwards, or its movements, from any cause such as roughening of the femur or tibia, are hampered, it will then be caught between the two bones and be subjected to a very powerful crushing force which is liable to fracture the cartilage ( fig. 9 ). During this movement the posterior end of the cartilage is free from pressure, the corresponding portions of the tibia and femur being separated; it tends therefore by its own elasticity to move towards the centre of the joint, but owing to its width in this position the movement is slight, and thus displacements or injury of this end would be expected to be rare. It will be seen that the portion of the femur in contact with the tibia forms, as it were, the rounded apex of a wedge on the inner face of which the semilunar cartilage lies, and it has alreadv been explained how during extension the semilunar cartilage is pushed inwards along this face away froni -Cartilage lying in intercondylar space.' the centre of the joint. If, however, it .should be farther out-i.e., nearer the centre of the joint-it would be pushed towards the intercondylar space by the sloping outer surface (figs. 10, 11 and 12). In no one of my specimens, however, could the attached cartilage be pushed in sufficiently far towards the centre of the joint to pass beyonad the apex of the wedge of the internal condyle of the femur. The above movements can be seen in all specimens, but they are best marked in freah ones-, and if such an one be taken powerful extension will be found to lead to marked internal bulging -of the anterior end of the cartilage, and it can be well understood how sudden and excessive extensiona could separate its attachmenats. If naow these attachments are artificially divided the anterior end of the cartilage will, on flexion, pass outwards-i.e., towards the centre of the joint-to an abnormal degree and will come to lie beneath the apex of the internal condyle of the femur, so that on extension of the joint it will no longer be pushed inwards but will lie between the two bones, and, preventing their normal approximation, thus limit extension (figs. 13 and 14). The joint would thus be locked in a position of semiflexion, and the crucial and lateral ligaments being greatly stretched much pain would be caused in life. At the same time the cartilage would be compressed between the two bones and probably fractured, the fracture in this case being secondary to the displacement. It is also easy to understand that, instead of its anterior attachments being torn through, the unprotected anterior part might be torn from the more fixed posterior part, and the position at which such a lesion would be most likely to occur would be just in front of the internal lateral ligamilent, for here the fixed part is replaced by one which is more miiovable. If in the fresh specimen the cartilage be divided at this point the posterior extremity of the anterior end will curl outwards towards the centre of the joint (figs. 15 and 16) to lie again between the bones and cause locking of the joint in a position of semiflexion. If instead of dividing the internal cartilage it be separated from the internal lateral ligament and the coronarv ligament be divided, the cartilage will, when the knee is flexed, tend to take up the position shown in fig. 17 , and the anterior extremity can be readily pushed in sufficiently far to pass beyond the apex of the wedge of the internal condyle, so that on full extension it will be pushed outwards to the intercondylar space. When once this has happened the femur, during flexion, will, in its movelmaent of rolling backwards on the tibiaE, push bit by bit the rest of the cartilage into the intercondvlar space. The stages of this movement are shown in figs. 10, 11, 17, 18, 19,.and 12. One can believe -tbat it would not be necessalry for complete separation to be present for this to occu1r, for if the anterior end alone were freed and pa,ssed sufficiently far outwards, the rest of the cartilage would of necessity be pushed outvva,rds-i.e., towards the centre of the joint-as flexion took place, a,nd tlius vvould be torn from its a,ttaXchments to the internal laterasl ligament. In no case was it possible by internally or externally rotating the femur, while the joint was sen-iiflexed, to cause ahny inward or outwa,rd iiioveiiient of the cartila,ge, even in those specimens where sepa,ra,tion or fracture had been a,rtificially produced.
The Exter)al Cartilage.-The movements of this cartilage are, on the whole, somewhat similar to those of the internal cartilage, but the differences which exist are of considerable importance. During full flexion the anterior part of the cartilage passes inwards towards the joint, but to a less degree than the internal one, because it is wider and thus less likely to undergo the changes in form due to its own elasticity. Hence one would expect that during sudden extension, even if roughening were present, this portion would be less likely to be caught between the tibia and femur ( fig. 6 ). During semiflexion the anterior part of the cartilage begins to pass out from the joint, being pushed out from between the two bones in a manner identical with the internal, the posterior end at the samne time passing somewhat into the joint ( fig. 7 ). During full extension there is, owing to the screw action, an entirely different movement; as the femur rotates inwards the external condyle is swung forwards and inwards as a whole-i.e., it slides forward upon the tibia. The cartilage goes with it, both anterior and posterior portions travelling forwards, so that in full extension the anterior part lies off the articular surface ( fig. 8 ). But there is, on the external side, a relatively large non-articular area of the tibia anteriorly. On to this the cartilage passes and there remains, the femur moving over it. Thus, although the movement is more marked than in the case of the internal cartilage, there is here no pressure on the anterior part of the capsule or pull upon the anterior attachments, and therefore separation of this portion of the capsule would be much less likely to occur. At the same time, the non-articular area of the tibia lies at a lower level than the articular, and thus the cartilage, once it has passed on to this area, wouild be relieved from pressure between the two bones, although, as previously described, there is, owing to the screw action, less pressure between the two bones on the outer than upon the inner side. For these reasons fracture of the cartilage would be unlikely.
A consideration of the anatomical factors leads, then, to the following conclusions:-(1) There is a tendency to injury or displacement of the semilunar cartilages.
(2) This tendency is brought about by full extension and is increased with powerful or excessive extension.
(3) The tendency is much more marked at the anterior end of the internal cartilage because: (a) being narrower this portion of the cartilage more readily undergoes changes due to its own elasticity; (b) owing to the screw action in full extension the compression force between the femur and tibia is much more marked here than elsewhere; (c) the anterior end of the cartilage is unprotected and loosely attached.
(4) Either fractures or displacements of this portion of the cartilage may occur and are both easily explainable. (5) There is no evidence of any tendency to fracture or displacement with any movement, provided the joint is not fully extended.
In other words, one would expect lesions of the anterior end of the internal semilunar cartilage to be much more common and to be the result of forcible or excessive extension.
It is now necessary to investigate the clinical aspects of this condition, to determine how far the facts obtained by an examination of the patient and of the lesions found at operation support the conclusions arrived at by a consideration of the anatomy of the joint.
POSITION OF THE LESION.
All investigators are agreed that the condition is much more common in the anterior part of the internal semilunar cartilage; so constant is this that it is only necessary to quote a few figures. Rutherford Morison [7] states that "of 100 cases, in 98 the internal and in two the external semilunar cartilage is fractured," but beyond stating that in some cases the lesion was so far back as to be in danger of being overlooked, as though suggesting that the anterior part is more commonly affected, he does not state the position of the lesion. In five of his six figures, however, the lesion is depicted in the anterior end. D'Arcy Power [8] in his series found 7 external and 83 internal. He states that if the cartilage is torn across the injury usually takes place in the anterior third. In the eleven years 1901-11 inclusive there were admitted to the surgical wards of the London Hospital 77 cases of injury to the semilunar cartilages; of these the internal.was affected in 73, the externaf in 4 cases.
Of the 73 internal the part affected was noted in 68. Of these the anterior third was alone affected in 62; the whole cartilage in 6 cases only. In not one case was a lesion of the posterior end alone noted, although, as Rutherford Morison [7] points out, lesions of the posterior end alone are very prone to be overlooked. The figures of Katzenstein [5] are very different from the above. He states that in his 83 cases the internal cartilage was affected twice as often as the external.
The explanation which is usually given for this marked preponderance of lesions of the internal cartilage is that its attachments are weak and thus much more likely to tear than those of the external cartilage, but, as already shown, in the normal joint the movements of the external cartilage are more marked than those of the internal, although it is subjected to less force. Godlee [3] has however, made a significant statement on this point. In referring to a case of displacement of the external cartilage into the intercondylar space he states that, " looked at from an anatomical point of view it would seem most likely that the external and not the interna fibro-cartilage should be the one to slip, for it will be remembered that the cartilages are retained in position chiefly by means of their attachment to the capsular ligaments of the joint." He then goes on to show that the external cartilage has a less extensive attachment to the capsule and expresses doubt as to whether the internal is really the more frequently separated. From the above figures there can, however, be no doubt that the internal is more frequently affected. The real explanation is that in spite of its greater mobility the external cartilage is subjected to less force than the internal owing to the presence of the screw action, and the movements all take place well within the capsule, so that there is relatively little pressure upon the anterior part of the capsule and thus less liability for its attachment to the cartilage to be torn. In fact, the conditions as regards the position of the lesion found clinically are exactly what one would expect to find from an exanination of the movements of the cartilage in fresh anatomical specimens.
NATURE OF THE LESION.
Of the 77 cases in the London Hospital series the nature of the lesion was noted in 52. In 14 of these the anterior end was torn frolil its attachments as in figs. 13 and 14, the free extremity in several of them having become thickened and polypoid. In this series it was the most commiinon type of lesion. Rutherford Morison [7] has pointed out, however, that separation by itself is a rare lesion, being more comnmonly associated with a longitudinal fracture, and since such a fracture may be incomplete and only visible from the under surface, as in the following, case, it is possible that many cases previously recorded as simple displacements may have been associated with a fracture. B. M., aged 20, was admitted to the Seamen's Hospital, Greenwich, on September 27, 1911. He stated that five days previously he was tllrown out of his bunk while at sea, his right foot being forcibly everted whilst his leg wN-as extended. He felt sudden pain in the knee which caused him to bend it, aftel which lhe was unable to straighlten it. The knee hlad remained swollen and painful until he was admitted to hospital. The right knee was found to be slightly flexed, attempts at extension causing considerable pain, wbhicl w-vas referred to the anterior part of the inner side of the joint. There was an increase of fluid in the joint. A localized area of tenderness was discernible over the anterior end of the internal cartilage, and here a small swelling was felt which was present on extension but disappeared on flexion. A week later I opened the joint by a vertical and slightly curved incision over thle anteriol end of the cartilage, which was found to be quite free as far back as the anterior border of the internal lateral ligament. At this point the cartilage was divided with a tenotomy knife and the anterior part removed. The joint was then closed. hlie under surface of the removed portion of the cartilage slhowed three small incomplete fractures, whlichi were invisible wlhe the cartilage w-as in position. Four weeks later lie was using the leg in perfect comfort.
The fact that such fractures may be incomplete and occur on the under surface of the cartilage would be a point in favour of the operation suggested by Barker [1] of opening the joint below the semilItnar cartilage.
The second most common lesion in this series was a transverse fracture. Rutherford Morison [7] first pointed out that fractures were more common than displacements. This is borne out by the present series. Of the 52 cases noted, 28 showed some form of fracture, but whereas in his series a longitudinal fracture was the most common event, in this series a transverse fracture was the more frequent, 13 of the cases showing this lesion. But, as already mentioned, longitudinal fractures are at times very difficult to recognize and it is possible that in some of the earlier cases such a lesion was overlooked. In every case of transverse fracture it is noted that the injury was situated at about the junction of the anterior and middle thirds, that is, in front of the firm attachment to the internal lateral ligament. These two types of lesion are the ones in which the cartilage can be felt, for when the joint is extended without locking the anterior part is expressed. In this series the cartilage could be felt 17 times, 10 were transverse fractures and 7 anterior displacements.
Anatomical specimens have already shown us that a longitudinal fracture may occur either as a primary lesion or be secondary to a displacement of the anterior extremity. We should therefore expect such a lesion to be common. In fact, Rutherford Morison states that " since the fact that fracture of the cartilage was the true pathology occurred to me, no case of my own or of my colleagues has been seen to refute this view." In this series a simple longitudinal fracture was noted in 11 cases, combined with a displacement of the anterior extremity in 2 cases and combined with a displacement of the whole cartilage in 2 cases. The extent of the fracture may be very variable. In the minor degrees there is simply a small fissure generally nearer the free edge of the cartilage. At the other extreme are seen cases where the fracture extends nearly the whole length of the cartilage, so that the inner strip is widely separated from the outer. If the fracture be limited to one portion of the cartilage it is always the anterior third that is affected, as in the following case:
H. C., aged 22, was admitted to the Seamen's Hospital on September 22, 1911. He stated that two years ago he noticed pain in the right knee after returning from roller-skating, although he had no knowledge of any injury to the joint. Owing to the pain he was in bed for two days, but the joint remained slightly swollen for six months. It then recovered perfectly, so that he played football in the 1910-11 season. On September 16, whilst running over rough ground, his foot slipped and was forcibly everted. This caused sudden severe pain on the inner side of the knee, but he was able to walk home, a distance of half a mile, the joint not being locked. The knee had remained painful and swollen since. The right knee was found to be somewhat swollen and was kept in the semiflexed position. Attempts at extension caused pain and, at times, a definite click on the inner side of the joint. An area corresponding to the N 25 anterior part of the internal cartilage was tender on pressure, but no swelling could be felt here. A week later I opened the joint and found the anterior portion of the anterior cartilage split longitudinally for a distance of I in. The attachments of the anterior third of the cartilage were divided with a tenotomy knife and it was removed. The joint was then closed. Three weeks later he was walking freely on the leg with no symptoms.
Of the eleven cases in this series showing longitudinal fractures, three extended the whole length of the cartilage, in the other eight the lesion was limited to the anterior third, that is to say, it always commenced in the anterior third, and if it increased passed gradually backwards.
A rarer type of lesion is one in which the cartilage remains attached by its anterior and posterior extremities, but is separated at the circumference. This separation may be limited to a small area or the whole cartilage may be detached, in which case it usually passes outwards, to lie curled up in the intercondylar space. I believe that these conditions are but degrees in one type of lesion, and therefore include them here together. There were in this present series five examples of each lesion. In the first case, that of partial separation, the condition was limited to that part of the cartilage in front of the internal lateral ligament in four. In the fifth case, where the external cartilage was affected, the anterior portion was also at fault.
If the cartilage be completely separated circumferentially, but its anterior and posterior attachments remain, it will lie in the intercondylar notch. The mechanism by which this takes place has been explained by the anatomical specimens (figs. 17, 10, 11, 12, 18, and 19). In some rare cases the anterior attachments may also be torn, so that the cartilage is attached by its posterior horn alone. In such a case the cartilage will be found rolled on itself on the posterior part of the upper surface of the tibia, as in a case recorded by Katzenstein [5] . In the anatomical specimen represented in fig. 20 the cartilage has been freed from its attachments in this manner, and the method of displacement of the cartilage is easily seen. It will be understood from an examination of figs. 17, 18 and 19 how, if the anterior end is free, it will pass back with the rest of the cartilage on gradual flexion until the whole cartilage lies posterior.
The nature of the lesions found clinically is therefore identical with those which can be easily produced in anatomical specimens.
METHOD OF PRODUCTION.
When the mechanism of the injury is inquired into from the clinical aspect there appears a marked discrepancy between it and the anatomical evidence. In all the specimens I have examined, which are represented in the diagrams, there was not the slightest evidence of any force which could lead to injury of the internal cartilage whilst the knee was in a flexed or semiflexed position. It is true that in the semiflexed position with the tibia everted, the anterior end of the cartilage passes farthest into the joint cavity, for in this position the tibia and femur are most widely separated. But even if the anterior extremity passed sufficiently far in to become separated from the capsule, which I cannot believe possible, there is still wanting an explanation of the common lesions of transverse and longitudinal fracture. On the other hand, forcible extension is capable of most faithfully reproducing every form of lesion that is clinically met with, but it must be remembered here that extension terminates by an outward rotation of the tibia upon the femur, so that if the leg be extended and the foot be forcibly rotated out, there is but the continuation of one movement, that is, extreme extension.
Clinical evidence, however, has always been unanimous in showing that the lesions arise whilst the leg is in a position of semiflexion. So constant is this that it is unnecessary to give references. I may simply state that in every account in the literature that I have been able to examine the same statement is made. Most writers believe that with this the tibia is everted, but Barker [1] states that in his cases the tibia and foot were generally inverted. He gives a clear account of the movements of the cartilage as seen in the living body at operation, and describes how during flexion the anterior end of the cartilage passes by its own elasticity towards the centre of the joint and during extension is expressed from between the two bones. But in spite of this he believes that the condition arises with the leg in a position of flexion.
How, then, are these divergent pieces of evidence to be brought into line ? The first point to question is the history of the accident as given by the patient. The usual statement made is that while undertaking some form of exercise he felt sudden pain in the knee which caused him to fall, and on attempting to rise the knee was found to be fixed in a flexed position, from which he not unnaturally assumes that the joint was flexed at the time of the accident. It is, however, possible that the flexion might have been secondary and have been brought about to relieve the pain caused by the injury to the cartilage, and being almost reflex be unnoticed by the patient. It is therefore safer to inquire into the nature of the exercise and deduce from this, if possible, the movement of the affected leg.
Of the 73 cases in this series there was a definite history in 65. The greatest number, 25, were caused at football. In two of these the patient kicked at the ball and missed it. Here there is a clear history of hyperextension. In 21, whilst running the foot slipped on the ground and was forcibly everted. Now the position in which the foot would slip would be either when the weight of the body is first thrown upon it or with the forcible thrust of the back leg at the end of its stroke, that is, in either case with the leg fully extended. In the remaining 2 cases of this group a second player fell across the patient's outstretched knee, hyper-extending it. Of those occurring apart from football, 15 arose from the foot twisting outwards whilst walking over rough ground, and 5 whilst running under similar conditions. The mechanism here would be similar to that of the last group of cases. In 11 others the patient fell from a height, 3 of them whilst stepping from a train on to a platform which was lower than usual. In these 3 the position of extension is clear. The others are explained sinlply by supposing that the body-weight fell forwards after the feet struck the ground, although the history of such a condition is of course not clear. In 4 cases the condition arose whilst jumping. Here again the sudden forcible extension at the moment of the take-off is evident. Two were boxing and one wrestling. In both the boxers the affected leg was the left, this being in front and extended, the body was suddenly rotated to the right to avoid a blow, the screw action of hyper-extension being thereby exaggeTated. In this connexion it is interesting to note that cases are reported in golfers. I have not personally met with such, but I believe the explanation will be that in the upstroke of the " drive" the left leg has been kept extended instead of partly flexed, the rotation of the body thereby causing the increased screw action. One case arose whilst throwing a cricket ball, the action here being similar to the last. In the remaining case the patient was rising suddenly from a stooping position, the leg being thereby extended.
In some cases there is a history of several accidents, the first being associated only with pain and swelling without locking. The symptoms are entirely recovered from, it being only after the second or third accident that the complete clinical picture arises. This would point to the injury being incomplete at first but gradually increasing with the subsequent accidents. In this series there were 7 cases showing such previous slight accidents followed by some pain and swelling, which after a relatively short time cleared up entirely and was associated with locking. A later accident, sometimes the fourth or fifth, was associated with more severe symptoms and was followed by a condition of instability of the joint.
A consideration of the aetiological factors may also throw some light upon the subject. If the condition were simply dependent upon the cartilage in its anterior part slipping between the two bones whilst the tibia were flexed, abducted and externally rotated the condition would be equally common among males and females, for no excessive muscular action would be required. Barker [1] , indeed, found that such was the case in his series. But in this present series, which, taken wholly from a large general hospital, I believe to more accurately represent the true state of affairs, there is a marked discrepancy between the two sexes. Of the 73 cases of lesion of the internal cartilage only 8 were females. That is a ratio of 8 males to 1 female which points to excessive muscular action, such as is present in hyper-extension, being an active factor.
The age-frequency, again, shows that the lesions are much more common at those ages in which excessive muscular action is indulged in. The youngest was aged 13, the oldest 44. The following table represents the age-frequency in the 73 cases of lesion of the internal cartilage. 
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It is sometimes stated [6] that the production by sudden rotation in a position of semiflexion explains the greater frequency with which the left knee is affected, most sudden movements being made from left to right. In this series, however, the right side was rather more frequently affected, 45 were right-sided, 42 left-sided, figures which are in close agreement with those of Rutherford Morison [7] , who in his private and hospital cases combined found 80 right-sided aud 63 left-sided. This is in accordance with the view that the lesion is due to excessive muscular action or forcible hyper-extension. Forcible hyper-extension, with its accompanying external rotation of the tibia, would tend to throw considerable strain upon the crucial ligaments, and it is here interesting to note that Sir William Bennett [2] states that "the commonest, perhaps, of all intra-articular lesions, although it is one which has not received much attention in cases of this kind, is, I believe, more or less laceration of one or both crucial ligaments." R. Jones [4] , on the other hand, states that " the displacement or fracture of the internal semilunar cartilage can only take place when the internal lateral ligament is stretched or ruptured." In this present series of cases there was, however, in no case any evidence of rupture of the internal lateral ligament, a lesion which could hardly have been overlooked at operation.
Of the four cases of lesion of the external cartilage it is to be noted that in three the anterior extremity of the cartilage was alone affected, whilst in the fourth case the whole cartilage was displaced inwards towards the intercondylar space. In two cases there was. a. history of forcible extension, jumping in a gymnasium, whilst in the other two there was a history of a severe blow on the anterior and outer surface of the joint, this probably tending to hyper-extend the joint. The cases are too few for any accurate deductions, but so far as they go they seem to point to a mechanism similar to that giving rise to injury of the internal cartilage.
An investigation of the clinical factors gives rise, therefore, to the following conclusions:
(1) The lesions present are identical in nature and position with those' which can be artificially produced by hyper-extension and its terminal screw action. ,(2) The history when carefully investigated gives evidence of hyperextension as a cause.
(3) The aetiological factors are in favour of the same view.
